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(54) An atitontatie clirtoh system' with tomperetuTB depofiderit voiumo oomponsation means 

(57) A vehicle automatic clutch control system comprises a brake fluid circuit 5 having a transducer cylinder 
1, connected to a receiver cylinder 2 by a pipe 3, and a supply container 4. A snifting bore 25 is connected via 
pipe 24 to the container 4 (also see figs 2 and 3) so that as the brake fluid in pipe 3 expands, due to 
temperature rises, the excess volume is compensated by diverting it through bore 25 and pipe 24 to container 
4. Without this volume compensation, accurate engagement point detection would not be possible since 
exparision of the brake fluid column would falsify the relationship between the iactual and measured clutch 
positions. Volume cornpensation is carried out by closing the clutch cyclically for a duration of, for example, 
one secorid and is interrupted when, for example, neutral is selected or a gear Is engaged. Other embodiments 
include a control unit which engages the clutch, according to various algorithms etc to cause the vehicle to 
crawl and software/hardware emergency circuits. In all other aspects the clutch operates, t»y way of hydraulic 
circuit, in a typical manner with regard to gear changing, starting.andstop^^ : ^ 
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Motor vehicle 



The invention relates to motor vehicles which have an 
automatic clutch provided in the torque path between the 
combustion engine and a stepped gear change, as well as at 
least one switching and control unit or regulator for same. 
These have become Icnown by the term "Electronic Clutch 
Management" or "SCK- in short, eg in connection with DE-OS 
40 11 850. 

The object of the present invention is to increase the 
safety of vehicles equipped with such systems by making the 
driver aware through the invention not to get put of the 
vehicle leaving the gear engaged in certain operating 
conditions, such as when the vehicle is stationary with the 
engine running and gear engaged, such as for example when 
stopping in front of the garage (in the corresponding 
operating state the clutch is in the ready position because 
the accelerator is not operated) , because in this case, in 
the event of a fault in the disengagement system, eg a drop 
in pressure in the hydraulic system of the automatic clutch 
the clutch would close. Furthermore the comfort of the 
vehicle is to be increased, by, for example when changing 
gear, being able to transfer the engine torque . more 
sensitively to the drive" wheels, and furthermore starting 
off on icy roads should become much easier. The object of 
the invention is also to make such systems and thus vehicles 
equipped with same more economical^ to make the control 
regulation more finely sensitive and faster-acting and in 
the event of faults to make these known to the driver and/or 
the workshop by storing such faults in for exan5)le. a fault 
memory store, preferably a non-volatile fault memory store. 
Furthermore the electronic hardware used should be 
simplified and capable of universal use, the number of 
senders and/or receivers should be kept as low as possible 



and furthermore the smallest possible alterations heed have 
to t5e made when fitting an ECM in vehicles. 



According to the invention there is provided amotor vehicle 
with an internal combustion engine and a gearbox and an 
automatic clutch mounted in the torque flow and at least one 
control device for the clutch, as well as with a hydraulic 
system with seiider cylinder, receiver cylinder and a 
hydraulic line between sender and receiver cylinders, a 
hydraulic fluid and a device for volxime con5>ensation and a 
snif ting bore, characterised in that the clutch is closed 
controlled at least from time to time and ai- , volume 
con5)ensation of the hydraulic fluid is carried out. 

At' least the part ^ of the problem relative to inproved 
safety, increased comfort and better driving conditioris is 
solved in thiat through, the automated clutch with the gear 
engaged and the engine running as well as with the vehicle 
stationary or practically stationary and the fuel supply 
measuring member (ie accelerator) not operated, the clutch 
is closed until a lower torque is transferred which causes 
the vehicle to crawl along. 

This crawling thus makes the driver give up amy idea of 
leaving the vehicle after coming to a standstill with the., 
engine running and gear engaged, sin^jly because the vehicle 
begins to crawl along itranediately after a stoppage caused by 
the brake, thus foot or hand brake. This crawling also 
ensures howevet a higher comfort when parking, changing gear 
etc and when starting. ;; up on icy roads biecause a fine 
sensitive' start is .possible.- 

It is furthermore of advantage if on operating the brake by 
a foot or hand brake during crawling the clutch is activated 
in the opening, direction and^ thus the transferrable moment 



is at lease reduced which can take place through a 
cont'lnupus or abrupt opening, eg into the ready position. 



Furthermore ic can be advantageous if with ' the brake 
activated, the vehicle stationary or practically stationary 
and the gear engaged whilst the accelerator is not activated 
the clutch is held in a position off-set from the position 
causing the crawling, thus in a ready, waiting or off -set 
-position. 

It can be parti ciilarly advantageous if with the brake not 
activated and the aiccelerator not activated during the 
crawling process the clutch is continuously operated in the 
direction of closing, thus in the idling operation a 
continuous speed increase takes placie in order not to 
overheat the clutch through the continuous crawling 
connected with relatively large slip. 

The waiting or off -set position can be recorded per se in a 
memory, such as an electronic memory and removed from same 
or sent on to a corresppnciing receiver when required. The 
waiting or off -set position can however also be formed in 
that the so-called engagement point of the clutch, thus 
where the clutch just starts to transfer torque, is detected 
and automatically a slight value off -set from the engagement 
point (the off-set) is added and the value thus obtained can 
be recorded in the electronic hardware, such as eg a 
computer, and can then be removed from this . 

It has furthermore proved advantageous if after starting the 
engine, with the vehicle stationary or practically 
stationary, the accelerator not activated, the brake not/ 
activated and in dependence on engaging a starting gear the 
clutch is operated fsrom a position transferring hp starting 
moment (such as eg the ready-off- set or wait ihg position) 



permanently in ithe closing direction so that the vehicle 
starts to crawl along and wherein the slip present in the 
clutch , can be permanently reduced, thus the crawl becomes 
faster and faster. Also here it is advantageous if on 
operating the brake the closing process of the clutch is at 
least interrupted or the clutch is further opened, until for 
example into the ready position. 

It is particularly, eaqpedient if after switching off the 
engine the clutch is automatically closed wherein it can be 
particularly advantageous if the clutch is also closed when 
the gear is engaged in order to produce a reliable gearbox 
lock. It can then be expedient, if the closing of the clutch 
which takes place when the gear is engaged is produced 
slightly delayed, in time after, sifitching off the engine 
since the engine qan still run on after turning off the, 
■ ignition.. •'■ ; ' 

It is furthermore advantageous if after starting' the. engine 
which can preferably take place only when the gear is in 
neutral, the clutch is guided into a position extending over 
the engagement point, such as a con?>letely opened position, 
but with the intrpductipn of engaging a starting gear the 
clutch is guideca into the ready position which cah; take 
place for exarc^jle in dependence on detecting a certain gear 
through gear recognition. ; ; . , 

It can then be particularly advantageous if even when the 
accelerator is hot activated and the gear is engaged the 
clutch, is operated from the position transferring no. 
starting torque, thus more pe^rticularly the ready,, off ^set: 
or waiting position, permanently in the closing directipn, 
thus the vehicle starts to crawl wherein the clutch can be 
closed, regulated or controlled. Closing from the ready 
positiion into the engagement position and/ or from the 



engagement position into the further or cortqpletely closed 
posi'tion can teUlce place controlled according to a time 
dependent torque curve or however regulated in dependence on 
the slip of the ideal torque detected be tweexi the engine and 
gearbox wherein each larger valuie has preference. It is 
also possible and indeed of advantage if the closing of the 
clutch eg from the ready position into the engagement 
position and/or from the engagement position into the 
engaged position takes place without direct detection of the 
gearbox speed whereby instead of the gearbox input speed a 
value corresponding to this input speed can be calctaated 
from the vehicle speed, eg from a driving speed signal which 
is taken from eg a control device such as the DME (digital 
motor electronics) and wherein by taking into accoiint the 
engaged gear and the corresponding gear translation the 
speed occurring in the force transmission path behind the 
clutch, thus the gearbox input speed, can be calculated . 
This can be achieved in a particularly sin5>le way through 
the electronics hardware, the travelling speed signal is in 
any case present and can be calculated back by means of the 
gear translation recorded in the electronic device. The 
engaged gear is produced from the so-called gear detection. 
With a device of this kind it is possible to dispense with 
a sensor for detecting the gearbox input speed and when 
using an ECM system of this kind there is no need to make 
any alterations on the switch gear. V ' 

The ehgagetaent position already mentioned several times 
corresponds at least: approximately to that position of the 
clutch where the vehicle also starts to crawl.; it is 
thereby advantageous if after starting the coiribustion engine 
the clutch can preferably be compietely opened. 

Furtheirrnore it can be advantageous if for measuring the path 
of the clutch position an element of the disengagement 



syscem is used which is remote from the clutch operating 
means, such as the disengagement bearing, wherein in the 
case of a fluid -operated disengagement system, such as eg a 
hydraulic , system, the path . measurement iis carried, out 
indirectly or directly through the transducer cylinder. To 
this end a swivel lever can be operated thfotagh the ram of 
the hydraulic cylinder, this lever having on its axis a 
rotary potentiometer. This type of measurement is 

particularly advantageous because no changes have to be made 
on the gfearbox bell housing. Since however the hydraulic 
fluid - the hydraulic clutch ■ operating system can be 
attached to the brake fluid circuit - cannot avoid a 
tetiqoerature-dependent volume expansion, the relationship of ' 
i^^f clutch position on the receiver cylinder and the 

measured clutch position on the transducer cylinder can be 
falsified, at least until the next volume compensation takes 
place through the sniftlng bore to the supply container of 
the hydraulic fluid. .... 

:In order, to compensate such errors or to make ssure they do 
not arise, it is particularly advantageous if more than one 
method of determining the engagement point is used . 

; One method of determining the engagement point take^ place 
with the gear in neutral position when, the vehicle is 
stationary or practically stationary wherein it can be;^ 
particularly expedient if this engagement point detection 
(stationary, engagement point) is carried out periodically. 
If require^ it is possible to. carry out in addition to or in 
place of the aforesaid engagement point detection a 
statibnary engagement point detection even when the gear is 
engaged, the foot brake is operated and the vehicle is 
stationary or practically stationary. it is thereby 
particularly advantageous if this engagement point detection , 
is . carried out : peripdically . ; , Tlie corresponding values! 



detected through the potentiometer can be supplied to a 
memory - as will be described in detail later on . 



A further method of detecting the engagement point exists 
according to the invention in the push and/or pull operation 
(push or pull engagement point). 

The push engagement point can thereby take place in the 
"accelerator position zero" at a letting of the clutch - 
with closing of same seen in this, direction - after 
understepping the ready position and on determining the 
minimum engine speed/ which can be achieved by detecting a 
rise in the speed after a drop in same, thus on ascertainingr 
the first occurring positive gradient, thus a state for 
which the torque of the clutch actually transferrable equals 
the engine thrust torque, this value being associated 
through the engine characteristic field recorded in the 
electronic hardware with a certain thrust or braking torque 
of the engine, and the corresponding distance to the 
potential, thus next, engagement point being associated with; 
this value through the clutch characteristic line likewise 
recorded in the hardware electronics. 

The engagement point det^tion in the pull operation can be 
carried out for example by integrating the speed difference 
between the engine and gearbox, thus the slip over the time, 
SQ that a certain surface is produced, and on exceeding this 
integrated surface the engagement point is corrected by a 
certain value in the closing direction, and on understepping 
this integrated surf ace the engagement point is corrected in 
the opening direction by a certain value. 

The additional engagement points detected alongside the 
stationary engagement point can also be supplied to a memory 
wherein it is expedient if the stationary engagement point 



8 - 



cam be stored iii a volatile memory and the .push or pull 
engagement point in a nonr volatile memory. Depending upon 
the type of use it can be advantageous if only the push 
engagement point is detected or only the pull engagement 
5 point. However in many cases it can be advantageous if both 

the push and the pull engagement points are detected and 
-stored. ■ ' ■ '■■ 



For storing the detected ready positions (or engagement; 

10 point which is then corrected as already described by a 
certain value) it is possible to provide a volatile central 
engagement point memory which receives the values 
transferred from the other memories, namely the stationary 
engagement point memory and the push and/or pull engagement 

15 point memories. of the stationary engagement 

point memory can thereby each be transferred from the 
central engagement point memory after ; a or with each 
periodically occurring detection and eg in dependence on 
reaching the ready position of the clut^ 

The values of the "push and/or pull" engagement point are 
transferred immediately after detection and in dependence on 
an at least approximately full closing of ' the clixtch into 
. :[ engag^em^nt point memory and are kept ready for 

25 regulation or are passed pri to the regulator. 

. As already mentioned above, the push and/or pull engagement 
/. point can be received after an at least approximately 
complete closing of the clutch (when the vehicle is to be 
3Ci moved eg in the slip operation) or in depiendence on the 
complete cloising of the clutch. The acceptance of the push 
and/or pull engagement point in the central engagement point 
memory can however also be carried out in dependence on the 
c^^^^c^ closed so far where the torque transferrable by 

V -^^^ is higher than the engine torque existing at this 



- 9 - 

point: in time. 

The adoption of the push and/or pull engagement point can 
however also be undertaken in dependence on an at least 
5 . approximately complete opening of the clutch^ Iii many cases 
it can be expedient if the adoption is carried out on 
reaching the ready position. 

/ The adoption of the push and/or pull engagement points in 
XO the central (volatile) engagement point memory can however 

also be carried out in dependence oii reaching that position 
of the transducer cylinder where a volume balance is made 
with the supply container through the snif ting bore, which 
is thus generally the case when the clutch is engaged . 

storing the relative last engagement point detection in the 
central volatile engagement point memory can be caxried out 
in dependence on the clutch still being free. Whilst this' 
value is cancelled as soon as the clutch is temporarily 

20 closed, eg for a second, snif ting occurs auid a volume 

condensation in the hydraulic clutch disengagement system 
and the engagement point detected with push auid/or pull is 
stored in the (nonr volatile or adaptive memory) push and/ or 
pull engagement point memgry and is passed onto the volatile 

25 central engagement point memory. After switcliing off the 

engine the engagement point memory state smd the central 
, : engagement point memory are cancelled whilst the values 
• stored in the non- volatile engaigement point memory for the 
push ahd/or pull operatiozi ; remain recorded or stored and 

30 when next starting up are fed into the central volatile 

engagiemeht point memory and used for controlling or 
adjusting the clutch to the engagement point thereof. 



35 



Closing the clutch from a fuliy or an at least approximately 
fully opened position into the ready position can be carried 



out according to a controlled function. Closing the clutch 
when starting from the ready pogition can be carried out in 
dependence on the ideal starting speed which is dependent on 
the load lever position, thus on the accelerator pedal or 
. throttle valve. . 

Closing the clutch during re -engagement after changing gear 
from the ready position can be carried out in dependence on 
an ideal slip. This ideal slip can. be regulated on the 
basfis of an actual slip at the beginning of engagement, thus 
at least one approximately on reaching the ready position 
over a time slope towards the desired end slip wherein the 
desired end slip can be nil (if for exaTi5)le there should be 
no driving with slipping clutch for the purpose of vibration 
insulation) . The torque set at the clutch can thereby be at 
least the engine torque times a factor^ of asl. The engine 
torque can thereby be detected from the position of the load 
lever and the engine speed. 

The ideal torque of the clutch detected through the 
regulator (or regulator algorithm) activated in each 
operating, state (crawling and/or starting up and/or re^ 
engagement) is c6nverte<l through the clutch characteristic 
line int 9 an ideal value^, Th path can thereby be 

coTOpared in a path control circuit with the actual value; of 
the clutch and from this, the ideal current required for the 
valve control can be determined through, a PID regulator. . 

The invention will now be e^cplained in further detail with 
reference to the embodiments shown in the drawings. 

Figure l thereby shows the arrangement of the hydraulic 
system components with transducer cylinder 1, receiver 
cylinder 2 with the hydraulic pipe 3 connecting same, and 
the supply container 4 6n one side as the brake fluid 



circuit 5 and on tHe otHer the hydraulic circuit of the 
vehifble 6/ consisting of the engine 7 with pump 8, pressure 
restrictor valve 9; filters 10 and 11 and non-return valve 
12. This hydraulic circuit also contains a memory 12, a 
5 pressure sensor 14/ the 4/3-way valve (proportional valve) 

15 and the transducer cylinder 16 of the hydraulic circuit 
of the vehicle. The piston rod 17 of the cylinder 16 is at 
the same time the input piston rod for the piston cylinder 
: unit 1. The piston rod 17 is used to operate a rotary 

10 potentiometer 18 which produces and sends out a signal for 
the clutch position. The piston rod 19 of the receiver 
cylinder \mit 2 operates the clutch operating lever 20 which 
in turn operates a disengagement bearing 21 through which 
the plate spring 22 (shown diagraramatically) of the clutch 

15 23 (likewise shown diagrammatically) is operated. 

The pipe 24 connecting the cylinder unit 1 with the supply 
container 4 opens into the cylinder \init 1 through the 
snif ting bore 25 shown in further detail in Figures 2 and 3.; 

-20 ■ - / •■■ ^ ■ - ".; 

IMPLEMENTATION IN DETAIL 

The torque build up when starting up is determined by three 
: independent . calculations These are the prediction" 

regulator, the disengag^ement strategy ana the crawl 
25 \ regulator. Each of these regulators calculates an ideal 
torque wherein the maximum . torque is adopted as the 
resulting; starting torque.'- 



12 



Flow diagram of the starting regulatbn 
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Rg. 1: Struocgram of ^ crawl regulator embedded in "driying" sate 
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Here the following applies: 

lower speed barrier (rpm) 
upper speed barrier (rpm) 
5 starting up speed (rpm) 

engine speed (rpm) 

filtered slip between engine said gearbox 
• (ipm) ' 

M^^^y ideal friction torque (Ntay 

10 ^maxi n ideal friction torque of crawl regulator 

"(Ntn). " •■' • 

incs=4 increment for change in lower barrier (rpm) 

dec=s4 decrement for change in lower barrier (rpm) 

15 When first starting off the crawl regulator is initialised 
•as follows: 

- lower barrier n^ to ideal slip + offset 

- slope to torque = 0 

'2b ■ ^ . 

The crawl regulator is con^rised of a n^-regulator which 
calculates its torque in dependence on the engine value and 
a value reset to the gearbox speed, and of a timie- dependent 
torque slope with a rise pf 20 Ntn/s« The maximum torque is 
25 adopted as the crawl torque. 

The torcpje of the slope is built up when there is no 
throttle aind no brake operated. If the foot brake is 
operated or the hand brake tightened then the torc[ue breaks 

30 down with thie same gradient with which the torque vras 

.previously built up. The slope serves to close the clutch 
in the event of longer crawling in each case when the torque 
of the n^- regulator, conditioned through the increasingly 
reducing slip; passes to nil. The n* regulator alone would 

35 set a fixed slip which in the event of longer crawling could 



lead to an unacceptably high wear on the clutch. 

The ideal f riction torque: of the starting-up regulation with 
prediction regulator is indirectly dependent on the throttle 
valve. If the accelerator is pressed down then as a rule 
the prediction regulator is operated. Otherwise the 
disengagiBmeiit routine predetermines the path of the ideal 
torque. Thus in the ; event of an interrupted start the 
disengagement routine is activated in-order to break down 
the torque of the prediction regulator to the crawling 
■^.•torque. 

The n* regulator has the following algorithm: 

The upper harrier n^ has the result that the torque breaks 
down as the engine speed increases, thus when pressing down 
the accelerator, and on ; exceeding this barrier is set 
completely to nil. This lAearis that a torque is immediately 
built up through the n* - regulator which is however exceeded 
when accelerating after a short time by the prediction^ 
regulator and i^ solely determined by this. A pre- 
requirement for a "comfortable" adoption through the 
prediction regulator is a sinall difference between the 
gradients of the two ideal torques in the transfer point . 

The lower barrier n^ takes care of ; the torque b^ when : 

crawling, . so long as thie accelerator is not depressed, and " 
for a torque break-down when the brake is operated. The 
barrier is initialised when entering the state starting up 
to the actual slip ♦ offset. The additional offset serves 
for the ideal clutch position to proceed from the stroke to 
the engagement point according to an e- function and thereby 
for the actual clutch position to cause no torque overswing. 
The reduction in the lower barrier n^ when understeppihg a 
boundary engine speed of 1000 . l/ttiin with no accelerator 



activation, leads to an increase in the ideal torque. In 
order to prevent a possible stalling of the engine there is 
a lower engine speed of 600 1/min at which the decrementing 
is adjusted by n^ and the ideal torque is increased no 
further'. 

If the prediction regulator takes over the regulation as a 
result of a higher ideal torque then the slope is 
initialised to nil so long as the prediction regulator 
provides the higher^ ideal torque. Similarly also n^ iis 
increased to its maiximum when the accelerator pedal is 
activated, and thus the ideal friction torque of the n* - 
regulator is broken dovm in order to ensure a safe adoption 
of the prediction regulator. Furthermore in the event of an 
interrupted start where the "starting" is not abcindoned, the 
n*-regulator is initialised internally. 

2. ENGAGEMENT POINT DETECTION 

In the present embodiment the clutch position is measured on 
the transducer cylinder (G2) in the hydraulic block and not 
on the receiver cylinder (NZ) on the gearbox bell (see the 
drawing in enclosure 1) . 

The teicqperature -dependent volume expansion of the brake 
fluid column between G2 and NZ falsifies the relationship of 
the actual clutch position (on the NZ) and the measured 
clutch position (on the GZ) so long as the clutch is at 
least partially open and thus the snifting bore in the GZ is 
-not released.. ' 

When the clutch is closed, the system is "newly compensated" 
through a volume compensation through the snifting bore in 

.the 'GZ 



Even after a few minutes stationary the volume cheuige as a 
result bf the ten5)erature effects can cause several 
millimetreis lift in the GZ. 



5 . When the clutch is opened the clutch position in the GZ is 
constantly regulated, ie when the brake fluid column warms 
up the piston moves in the NZ and the clutch is opened 
further (danger of overpressing the clutch!) . 

iO The control unit realizes nothing of this process. The next 
starting process would therefore be severely affected: • 
:: Basically an engagement point accepted with a 0.5 mm error 
can. already be traced sub j ectively in the case of . all 
strategies (crawling, starting, re -engagement, disengagement 

3-5 tc> gear- change, or stationary) : 

2.1 ENGAG:aiENT POINT STRAlriBGy: 

in order to have the engagement point always set as 
accurately as possible the following strategy is progMmmed 
20 into the control unit. A difference is made between a "GP- 

stationary", a "Gp-push" (are recorded in the background) 
and a c\xrrent (is used for regulation) engagement point. 



25 



30 
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if the vehicle is seit stationary with the engine running 
then there are principally two possibilities.: 

1. The driver has engaged the neutral gear posit ioi, 
y 2 . . The driver has engaged gear and has: a foot on the 
\ ' brake (or the handbrake is tightened) so that the 
vehicle does not. brawl forwards. 

In the first case 'there, is the possibility of closing the 
clutch and thereby releasing the ;. snif ting bore so that 
volume compensation can take place. For this the clutch is 
cyclically closed for 1 second (eg every 30 seconds) . On 
releasingf . the switching intent . or leaving the neutral 



position the process is interrupted and the clutch 
immediately opened. If the volume compensation has ended 
then the actual engagement point is set the ssune as the 
"push engagement point". 

In the second case no snifting can take place. Therefore 
the engagement point is updated periodically (eg every 30 
seconds) . The clutch is thereby closed slowly (torque 
build-up as when crawling) xxntil the engine speed shows a 
reduction of 80 1/nuLn. The engagement point thereby, 
detected is recorded as the "stationary engagement point". 
Should the engine speed not reach the required reduction 
then for safety reasons the detection is stopped after a 
certain time (of eg 1.27 seconds) . This time corresponds to 
the calculation of an engagement point displacement of 0.5 
mm and is adopted as such. This is also the maximum 
deviation possible fixed in the program of ± 0.5 mm between 
the detected " stationary engagement point " and the current 
engagement point (for a more detailed description see 
Section 2.2.1) - 

After detection the torcjue is again slowly broken down to 
nil (as when stopping crawling). If the clutch is again 
opened to engagement point + of f set then the current 
engagement point is set the same as the "stationary 
Engagement, point " . ; 

If the driver now wants to drive or crawl forwards then the 
current engagement point is already adopted for this motion. 
If the end of the jouarney or gear change the clutch is 
clbsed f or a minimum of 1 second and is thus "snifted", then 
as above (Case l) the " pu3li engagement point" is adopted a3 
th^ current engagemexit point. 



The detection of the "push engagement point" is carried put 



during push engagement . The condition here is that the last 
"snifting** must be set back a maximum time (eg 3 0 seconds) 
which however means practically no restriction since this is 
normally always the. case. The maximum permissible chauige of 
the "push engagement point" to the current engagement point 
would be restricted to ± 0.2 mm. 

The "push engagement point" is stored as the adaptive 
parameter when switching off the system and is adopted as 
the current engagement point when activated : 

Changing over a newly detected engagement point may only 
take place when the clutch is either fully open or fully 
closed since during a coupling process a sudden change in 
the engagement point would cause a sudden change in the 
transferrable torque . 

2.2 Engagexnent point dletections 

2.2. 1 Engagement point detection when stationary ;: 

The engagement point detection when stationary is carried 
out by analysing the speed path and estimating the 
engagement point therefrom/ 

When crawling forwards, under certain starting conditions as 
a result of the action of the crawl regulator, the clutch 
always begins to close with the same relatively constant 
speed. ;. ■■■ .. - . . ■•■■'^ . " • " . 

By closing the clutch the engine speed drops as soon as 
torque is transferred on the condition that the accelerator 
i^ hot applied and : the idling- regulator hais not yet 
responded. Starting from an idling speed fluctuation of ±50 
1/min, with the correct engagement point and a level road 
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10 



15 



20 



surface a speed drop of 80 1/min is always achieved within 
roughly the same time span. If the engagement point in the 
vehicle is moved to the left in comparison with, the clutch 
characteristic line implemented in the computer (see diagram 
below) , then this time span increases since the actor must 
cover a larger path from the starting position "zero point 
+ stroke" with constant adjustment speed. When the 
engagement point is moved to the right then the time spsui is 
.decreased. " .-- 



Qutch characterisuc 



.1 



25 




Ehgagemem point [12Nm) 



30 



The. engagement point displacement can now be calculated from 
the . difference between the nominal time span auid the 
measured time span {At-A,t^^) : and the initial adjustment 
speed .i^,; .- -- • ^ 

. : - . ■ AGF. =.-"{At-At^).-..i^- 

The engagement point detection can be carried out both when 
the foot brake is operated and when the^ hand brake is 

operated..-. 



35 
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10 



Each engagement point detection can only be carried out when 
slipping the clutch. In order to keep the wear on . the 
clutch to a minimum the engagement point detection, when 
stationary is therefore pnlv carried out every 30 seconds at 
maximum-. . ; 

The entire algorithm which is writt:en as its own sub-routine 
should constantly be called up "when driving" . The 
initialisation for this is always called up when entering 
into "driving" as well as also during "driving" when the 
RAMPE is nii; ie crawling has not yet begun. The updated' 
algorithm is shown in. the following structogram. 



Ini t ial i sat ion ; 



CONSTANT i ' nom = Z3. tnom - 1.1, tfnax= 1.315 



SO < "inot • M + 50) 




(nfc2km/h) (lsoD== IsoD-^ffsett 
open) (tGP > 30) _ 

NO 



aAG» TRUE 
Hmot merke - 



"mot 



RAG = FALSE 
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engine speed 

^«oe iMrk* ' fixed' engine speed when entering into the 
5 engagement point detection for determining 

the speed drop [rpm] 
xijj idling speed [rpm] 

n^ vehicle speed [km/h] 

AGP relative engagement point displacement (in 

10 relation to the last detected engagement 

point) [mm] 

I'^ starting adjustment speed bf clutch 

(nominally fixed from measured values) 
[ram/s] 

15 ^nc« Adjustment time (nominally fixed from 

measured values) until engine has dropped as 
the crawl regulator starts to work from the 
idling speed to the reference point ii^^= 650 
' l/min, ■ [s] ' 

20 ^maat maximum time to breaking off engagement 

point detection, significantly owing to 
restriction of AGP to 0,5mm, [s] 
tGP Time span variable, is initialised in the 

event of "snif ting" and at end of engagement 
25 point detection, [s] 

rampe slope from crawl regulator*, serves .here as 

'•'V-. time "span variable -.. 
. .1 FLAG logical variable; allows engagement point 

detection when the entry conditions are no 
30 longer fulfilled; is negated as soon: as the 

engagetnent point detection is concluded 
LL idling switch; if TRUE then "no accelerator" 



The starting conditions eticbuntered here (engine speed 
approximately idling speed, vehicle practically stationary) 



limit the frequency of the engagement point detection. . 
However the nominal adjustment speed can only be 

reached under these starting conditions with a correct 
engagement point (reproducibility!);. 

2.2.2 Push engagement point detection when re-coupling - 

If the engine speed after a gear change lies below the 
gearbox speed then the slowing engine -is accelerated during 
10 the following engagement of the gearbox. This process takes 

place with each reverse switching with engine thrust 
operation and also in part during high-speed changing in the 
upper gears.; 

The basic idea of the detection now lies in transferring to 
the clutch at the time when the engine speed path has a 
minimum (stationary state, no engine acceleration) , exactly ' 
that torque which corresponds to the instant drag torque of 
the engine (see the drawing in enclosure 2) . 

The drag torque can be detected from the characteristic 
field in dependence on the engine speed and assigned to a 
corresponding clutch position through the clutch 
characteristic, line, • . . ^ 

From this clutch position it is reset to the. position in . 
which a torque =0. is transferred. 

Conversion ' \ . 

So that the cietection can proceed logically some conditions 
SirG linked (s^e stiructogram) : 

the filtered slip must be constantly negative (nGetr. > 
nMotor) up to the time when the Gp is detected ; 



15 



20 



25 



30 



35 
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. the LL-switch must be active (DK= O*) so that the drag 
torcpae is hot compensated by the engine torque; 

the engine speed must not be below 1300 1/min because 
5 otherwise the idling regulator may accelerate the 

engine (drag torque ft-om characteristic field then not 
-erv;ailable) ; - 

furthermore the engine speed must not exceed 2800 1/min 
10 so that the push torque is not too big (detection 

should take place as close as possible to the * 
engagement point so that the characteristic line errors 
hcwe less influence.}; " • . ' 

15 the Gp is detected at the time when the engine; gradient 

is passing through zero. The gradient must thereby not 
exceed about 82 1/s* in order to rule out faulty 
■ measurements ; - 



20 



the new value may differ from the detected Gp by ± 0.2 

mm max... 
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. (LL switch ac9ve) 
(detected sitp t O) 

<A'Vnotcr.k 'OA AnmctorJc-l • O " 
(1300 U/min . riA^^, 2850 u/mj^ 

< A nmotDf.fc) • ASS { A^matorX.ii) « 50 




GPktfg " Clutch path W + Clutch path (f moiorm.(t)) 





GPiajn ° Gp SlGN(Gf^ - Gp) • 0.2mm 



Rag 7.1 = 1 (Gp detection completed cr cannot be carried ouQ 



Rag 7.1 



Id 



2.2.3'. Pull engagement point; detection when recoupling 

The pull engagement point detection when recoupling can take 
place for exan^le in thaf the surface between the engine; 
speed and ai value reset to the geeur speed is integrated Over; 
the time: If the' surface e:>cceeds a f ixed iixaxiraura value then. 
the • engagement point is moved into the clutch closing - 

surface tindersteps a fixed tninitmxm value 
then ^he .engagetnent poiiit is moved; into the clutch opening 
directiph--;' ■• 



IS 



3 . SAFETY PHILOSOPHY. OF EYDRAULIC ACTUATOR 

"3 - I' -iSystem .'monitoring •' "^^ 



A detailed FMEA of the ECM system was carried out - This 
showed that it is necessary to differentiate between 3 types 
of brecUcdown: = 
■ >.:. - Breadcdown 'of; the. sensor ■ " 

* Processor breakdown or breakdown of several 
■ ,. sensors " " 

* Breakdown of voltage supply, end steps 
or hydraulic supply. 

The ECM system recognizes two different emergency rxinning 
stages, software emergency circuit and hardware emergency 
circuit. The system control light shows whether an 
emergency running is active. 

More serious faults are indicated by a rapid flashing light 
(flashing frequency about 4 Hz) . This is the case when: 

* pressure drdps 

* hardware eraiergency switching is activated, ie in 
. the event-. of 

- processor failure 

- clutch position fault 

- multiple sensor error 

Iiess serious faults are ^indicated by a permanent light . 
This applies with simple sensor faults, with the exception 
of the "clutch position" fault. 

The warning light indicates to the driver that th^ 
functioning siystems have broken down or are only operating 
to a restricted amount . 

Table 1 illustrates the various emergency r^^ stages 
with a description; of the effects on the clutch control 



3.1.1 Sensor breakdown 



Plausibility controls of tlie sensor signals are constantly 
taking place: If a fault is detected then a corresponding 
emergency program is switctied on. This software emergency 
circuit (see Section 3.2.1) allows the basic functions to 
continue, ie the automatic clutch operation for driving and 
changing gear. However comfort restrict ioiis must be 
accepted here. If several sensor faults occur at the same 
time then the hardware emergency circuit is activated (see 
Section; 3. 2. 2) . : ■ 

3. 1 . 2 Processor breakdown 

The processor is monitored by an external watchdog. If as 
a result of a program crash the processor can no longer 
reset the watchdog timer then the watchdog triggers a 
processor reset. With a reset the clutch control is 
automatically switched over to a fixedly wired control 
circuit, the so-called hardware emergency circuit. 

3.1.3 Failure of voltage supply, end steps or hirdraulic 
.power 



In the event of these serious faults a system shut down 
takes place which causes; <:losing of the clutch. 





Emergency stop . 


Vehicle reacftibn 


occurs when 




'normal' £CM-control 
(no emergency running 
active) 


- automated oouoiing when driving and . 
coring gear change 

- special dutch control for optimising t^-in 
and back-out toactions tn vehida 


- no; fault 


2- 


software emergency 
'Rvtimg 


- •fK>rmal' automatic dutch function when 
driving ar>d during gear change with 
reduced comfort 

- Tlp4n and iMick-out control blocked fie . 
dutch remains dosed) 


fault of one sensor (apart '■■ 
from dutch-path sensor error) 
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hardwaro wnorgancy 


- stvtar lock reloassd 


* processor iBnurw 




furmmQ. 


- otoctropump time oontroUed lor on/off . 


> dutch path sensor fault 




switchtnQ 


* laun OT several swisDrs 






- at engine speed < 300 l/nnin ■■■> dutch 








dosed 








* at engine speeds > 400 lAnih ^> 








clutch position dependent on ihrottte 








angle: 








- at smaO throttle vah/e angle, dutch is 








opened 








- at large throttle vahre angle, the clutch 








is dosed 








- warning fight switched on . 




4 - 


System shut down 


- dutch dosed 


• voltage supply defect (cable. 








voltage regulator) 








• proportional valve end step 








delect. 








- pump relay end step defect 








- failure of tiydiaulic supply. 


lAULk 1: tCM Safety Philosophy 





3.2 EMERGENCY CIRCUITS ; : . * 

3.2.1 Software emezrgency circuit 

.10 Xf at least one fault is entered in the current fault memory 

then the flag "SW-emergency" is set and the warning light 
ishows permanent light (Exception: in the event of "pressure 
■ drop" rapid flashing lights with about 4 Hz flashing . 
- . -frequency) • " 

:;:';i5- ■ ■ ^- ■ 

The operating mode " dragging" is blocked. - The other^^ ^ 
measures suid consequences with the various faulty conditions ''\ 

; v.-- -".-^ are listed in Table 2. 

20 : measures are rescinded if the ; flag "SW- 

. emergency" is cahcelled. This occurs if there is no longer 
any current fault and the neutral gear position is engaged 
or the clutch is closed. Cancielling the fault measures only ^ 
in the non-critical states "neutral position" or "clutch 

25 closed" prevents the switching back to the normal operation 

being perceptible to the driver. 



The exceptions here are the faults: 

* gear position 
and : * idling switch 

which are ifcimediately reset as soon as the relevant fault no 
longer exists. With these types of faults the cancellation 
of the replacement value in the event of the fault no longer 
being present is. also then uncritical if the neutral 
position is not engaged. . 



Type of fault 



1. Engin« speed signal 



Msasuros 



* Changeovor to engina 
•aoondary sp00d 



Eltocts 




2. Gearbox mput speed 
signal 



* Replacement value Ho^ « O inin' 

* Gear recognition restricted 
(difference only made between 
l8t gsar. 2nd gear and neutial 



* Temperature protection measures 
come into effect 

* Driving protection for high gears but of 
force 

' Clutch opens when accolenator pedal 
not activated (freewheel action) 

* ReooupCng in tfie tra^n uncomfortable 

* Overturning protection not operative 



3. Tacho speed signal 



' Replacement value n^ « 0 mln*" 
* Gear recognition restricted (as 

2) 



* smoothe r coupling behaviour at high 
gears 



1 4. Throtde valve signal 



* Replacement value, am •> 5" 



Starting speeds not dependent on 



* RedoupBng not adapted {either too . 
hard or too soft depehdmg on sitoation) 
' RapNf uneomtortable dbengagement 



5. Gear position 
transducer signal 



* Replacement value set to Ist 
gear range * 
Starter biocfcdeaclivBted 



Softer coupling behaviour at high 
gears 

* Gearbox ctianer and geartiox dame^ 
possible or provolcable 



6. Pressure sensor 
stgrial 



' 50% switch on 
cycle activated 



■ pump. 



none 



7. Switching intent 
switch sigriais 



Switchii^ intent flag < 

set . 



* Inmased arnount of shift torce to. 
change into neutral gear position 



8. IdTing switch signal 



L 



• Idfing switch - -false* set at DK 

> 5* ■. 



* Drivir^g off poorty metered (stilt only 
crawling or driving ¥vith OK > 5* 
possible 



TABLE 2: Measures ama consequences with various fault 
situations in the software emergency circuit . 

iB . 2 . 2 Hardware emergency circuit 



The system contains a fixed-wired emergency control • In 



order to maintain the system pressure the electro-puttip is 
controlled with a fixed beat (ie 10 seconds on, 10 seconds 
off, 10 seconds on...). Below a minimum engine speed 
(stationary engine) the clutch is closed (parking lock, 
security against accidental rolling) . When the engine is 
running the clutch is controlled directly through the 
throttle valve signal. Thus the clutch is opened with a 
small throttle valve angle and closes with a large throttle 
valve angle. The pulse width modulated signal of the 
throttle valve is used directly to control the valve. 

The emergency control allows the car to l>e driven with a low 
risk of danger up to the next halt . Driving is however not 
possible in all cases since the closing process of the 
clutch can indeed be controlled through the accelerator 
pedal but the ability to meter out fuel is however very 
..restricted." 

Starting the engine is blocked when the emergency control ds 
active. Deactivating the starter lock is only possible by 
plugging in a bridging plug (see Section 3.2.3) . 

The hardware emergency circuit becomes active when the 
system detects a multiple* sensor fault (see Section 3.1) or 
the clutch position signal is destroyed or breaks down. A 
special operating state of the software control (Shut down) 
ensures the system control is transferred to the fixedly; 
wired emergency control . The hardware emergency running is' 
in this case not reversible and can only be lifted by 
switching off the control Unit (ignition off, driver' s door 
.closed) 'v.) 

The correct functioning of the software control is monitored 
by a so-called -watchdog" . If the processor does not send 
a trigger signar to the externally fitted "watchdog" circuit ; 



at regular intervals then this circuit triggers the hardWare 
emergency control and the processor is restarted (reset) . 
If the processor works correctly again after renewed high 
speed nonning then the hardware emergency running is 
■ rescinded -in.. -thisf. case. ' 

The hardware emergency control is generally active in the 
high speed running phase of the software system up to about 
100 ms after switching on the control" unit. 

On encountering the conditions- 
engine speed«<< 500 min*^ 
; and (foot brake or handbrake) operated 
ail engine shut-down is activated in the hardware emergency 
control which acts for a max. of 3 seconds. (See Section 3.3 . 
for detailed description of this fxinction) . 

If with the activated hardware emergency running the starter 
block bridge is plugged in ahd an atten5)t is made to start 
up, then if the foot or handbrake is operated, the engine 
shut-dovm comes into effect.: Since however the engine shut- 
down only lasts for a maximum of 3 seconds the engine can 
nevertheless be started. 

3.2.3 Deactivation of the starter blockade 

The starter blockade can be circumvented by placing the 
bridging plug in the -starter release-^ socket . If the 
starter block bridge is pushed in then the system warning, 
ligiit ?ra,P?.^ ^laghincf Jjg^r comes on (flashing frequency V 
about 4 Hz) . : If the starter block bridge is removed again 
imme<aiately after, the engine starts up then the system 
warning light flashes until the control device switches off V 
the next time..: 



3.3 DIAGNOSIS FtJNCTION 



The basis of self diagnosis is fault recognition. 

All input and output signals are checked for faults. In the 
case of the input signals an omission of the physically 
sensible signal area leads tb a fault being entered in the 
fault' memory. ■ ■" ; 

In the case of output signals the logical level is checked 
to: agree with the re -measured level. 

In addition in the case of tiie input signals a check is made 
fbf fuQctj-On^l errors such as .- 
^ * overlong pump switch-on times (puir^) cycle) 

* unacceptable deviations between ideal and actual 
clutch position (clutch position sensor) 

* con^arison of engine speeds DME l and DME 2 

* check on valve flow for physically sensible range 

* - check whether during a gear change the two 

switching intent signals are -active 
simurtaneously =si> fault "Switching intent" is 
■ detected 

* check on Llj-s\^itch in dependence on throttle 

• valve ■ ■ "U 

* reciprocal mohitoring of gear input and tachoV 
■ \ " ■ 'speed. : 

Each detected fault is entered in a fault memory . T^^^ 
is; rated a numerical value betwieen l and 8 . Number 1 means 
the fault current exists:; Higher' numbers show when the 
fault list occurred. On switching off the system the 
numerxcal states bf all the faults not cux^rently adjacent 
are increased by I and then stored. Number level 2 thus . 
signifies that the fault occurred during the penultimate 



. operating phase but is currently no longer present. A fault 
level between 2 and 7 is to be interpreted accordingly (eg 
5: faults no longer appeared in the last 5 operating 
phases). Number level 8 signifies that the fault has 
: 5 occurred at least once since the last cancellation of the 

fiault memory but no longer during the last 7 operating 
■- pliases.'." 

Faults which have not occurred remain " unrecorded • 
3.3.1 Reading the fault memory 

The output of the ; fault memory is produced through a 
flashing code by means of the system warning light. In 
15 order to prepare the diagnosis output the bridging pltig is; 

set to the "diagnosis" socket. The diagnosis output begins 
when the ignition is switched on by operating the foot brake 
pedal (longer than 2 .5 sec) >; - 

At the beginning of the diagnosis output a light phase 
flashes on for 2. 5 seconds. The flashing code output of 
the fault recorded in the fault memory then begins . The 
fault code is in three parts , the first two numbers 
designate the type of f^lt (see Table 3) . The third 
25 position contains the relev^t fault number. The individual 

number pulses are separated by a short dark phase and the 
individual positions through central and different fault 
entries by long dark phases. 

'^0 '. \ After the output has run through once the warning light goes; ; 
out . A new output ca?i; be triggered by operating the foot 
brake. During the diagnosis output the operation of the 
^opt brake is ijgnb^ed (ie is started) . 

35 \/ After pua.ling out the briclgingf- plug from the "diagnosis" 



socket the ignition is switched on and the fault : memory 
cancelled.' 



3 .4 ENGINE SHUT DOWN 

During operation with extreme engagisment point displacement: 
. when ■ 

difference zero - engagement point < 3 mm 
or ^ . - ■': ■ 

difference maximum stroke - engagement point < 1mm 
then switch off engine 
Note: this can only happen when the vehicle is stationary 
for a longer time with the gear engaged. 

With software emergency running: ; 

. when: ' ^ : 

engine speed < 500 l/min 
and supply pressure p < 50 bar (no cable break) 
and foot brake operated 
or supply pressure p < 50 bar (no cable break) 

and handbrake operatisd : 
and flag "engine already running" 
then: switch off engine 
Note: The link with the -flag "engine already ruiiiiing" is 
necessary since otherwise the engine shut down could also be 
active when starting the engine. 

With hardware emergency rxiniiing: ; v 
' when 

engine speed < 500 l/min 
and foot brake or hauidbrake operated 

then--; . -. switch off engine 
Note : if the starter were operated in the hardware emergency 
running (starter block bridged) theii when the brake is 
operated the engine shut down is active. Since the signal ' 



is accepted a maximum Of 3 sec by the DMB then the engine 
starts up with a 3 sec delay. 

BACKGROUND FOR . ACTIVE ENGINE SHUTDOWN WITH EXTREME 
ENGAGEMENT POINT DISPLACEMENT 



Problem: 



10 



Situation l: 



15 



20 



25 



When driving, changes in temperatures can 
create situations where an unintended closing 
of the clutch can occur as a condition of the 
^ : design. 

The vehicle is moved at high speed. The high 
driving speed requires a very good cooling of 
the hydraulic pipe. In the following the 
vehicle is held statioxiary then the hydraulic 
pipe heats up severely . As a result of the 
expansion of the brake fluid between the 
transducer and receiver cylinder, the 
transducer cylinder isf moved successively in 
the direction of zero. Here the danger exists 
that in the event of particularly severe 
temperature increase (without driving) or when 
next driving off the transfer of the bore for 
fluid compensation ( "snif ting bore") in the 
transducer • cylinder causes uncontrolled ':' 
closing of the clutch. 



Solution:' 



30 



Switch of f engine as soon as the' danger of an 
uncontrolled driving exists. Thus the clutch 
is closed and a fluid exchange takes place 
through the "snif ting bore- whereby normal 
driving becomes possible again when resitarting 
the. engine ' 



35 



Situation 2: The vehicle is brought into the disengaged 
state with a severely heated hydraulic pipe. 
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By cooling tixe hydraulic pipe the clutch is 
slowly closed. This is recognised by the 
engagement point adaption and moves the 
transducer cylinder in the clutch "opening" ^ 
direction. . It iis now however conceivable here 
that the ciutch path which the transducer 
cylinder has available is not adequate . If 
the transducer cylinder is at the stop the 
clutch is slowly closed as a result of the 
. cool down. ' 



15 



20 



Solution: Switch off engine as soon as the transducer 

cylinder reaches the maximum stroke. The 
clutch is closed and the fluid exchange 
through the snif ting bore can teJce place. 

The invent iori is not restricted to the embodiments described 
and illustrated but also includes those variations which can 
be achieved by combining individual features or elements 
described or illustrated in conjunction with the various 
embodiments and processes . The applicant reserves the right 
to claim as being of inventive in^jortance further features 
disclosed up until now only in the description or in the 
drawings. . v ■ 
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■ PATENT. CLAIMS ■■ ' 

1. Motor vehicle with an internal combustion engine and 
; a gearbox and an automatic clutch mounted in the torque flow 
5 and at least one control device for the clutch, as well as 
with a hydraulic system with sender cylinder, .receiver 
cylindef euad a hydraulic line be tweeh sender and receiver 
cylinders/ a hydraulic fluid and ja device for volume 
condensation and a snifting bore, characterised in that the 
Id clutch is closed controlled at least from time to time and 

a volume compensation of the hydraulic fluid is carried out. 

2. Motor vehicle according to one of the preceding 
claims , characterised in that the volume •compensation is 

15 repeated, as controlled timewiise, by for exanple taking 

place substeuitially cyclically. 

3. Motor vehicle according to one. of . the preceding 
claims, characterised, in that the voliime compensation is 
carried out through at least a ten?)orary release of the 
snifting bore, for exan5>le for a duration of 1 second. 



20 



4. Motor vehicle according to one of the preceding 
claims, characterised in that the process of volume 

25 compensation is interrupted when a switching intent is 

-r-iel eased. ■ ■.' 

5. Motor vehicle acicording to one of the preceding 
claims, characterised in that the process of volume 

30 con^jensation is interrupted on leaving the neutral position 

. of the. gearbox. 

6 . ; Motor vehicle according to one of the preceding 
claims, characterised in that: the process ^f volume 
35 compensation is not carried out when a gear is engaged, the 



brake is operated and the vehicle is substantially 
stationary.'-; 

7. Motor vehicle with an. internal combustion engine arid 
S a gearbox and an automatic clutch mounted in the torque flow 

and at least one control device for the clutch, 
sxibstantially as herein described with reference to the 
acconqpanying drawings . 
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